WORL D INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNA TIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

A61K 38/17, 38/19, AO IK 67/027, C12N 
5/06, 5/08, G01N 33/50, C12Q 1/68, 
A61K 35/12, 39/395 


A2 


(11) International Publication Number: WO 99/52541 i 
(43) International Publication Date: 21 October 1999 (21.10.99) 


(21) International Application Number: PCT US99 '08098 

(22) International Filing Date: 13 April 1999 i 13.04.99 ) 

(30) Priority Data: 

60/081,757 13 April 1998 \ 13.04.98) US 
09 083,546 22 Mav 1998(22.05.98) US 
09 0X5,820 28 Mav 1998(28.05.98) US 


J. [US/US]; 2108 Gienview Terrace, Altadena, CA 91001 

u T S). : 

(74) Agents: BROOK, David. E. et al.; Hamilton, Brook, Smith & 
Reynolds, P.C., Two Militia Drive. Lexington, MA 02421 
(US). 

(SI) Designated States: AU, CA, JP. US, European patent (AT, BE. 
CH, CY, DE. DK, ES, FI, FR. GB. GR, IE, IT, LU, MC. 
NL. PT. SE). 



(63) Related by Continuation (CON) or Continuation-in-Part ; 

(CIP) to Earlier Application j 

US 09'085.820 (CIP) j Published 



Filed on 



28 Mav 1998 (28.05.98) 



(71 ) Applicant (for all designated Slates except I 'Sr. CALIFORNIA 

INSTITUTE OF TECHNOLOGY [US-US]; 1200 East Cal- 
ifornia Boulevard. Pasadena, CA 91 125 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WANG. Hai, U. [CN l'Sj; 

Room 217, 1-S6 Heck House, Pasadena. CA 91125 (US). 
CHEN. Zhoufeng [CN,L*SJ; 1317 North Holliston Avenue, 
No. 4. Pasadena. CA 91125 (US). ANDERSON, David, 



Without international search report and to be republished 
upon receipt of that report. 



(54) Title: ARTERY- AND VEIN- SPECIFIC PROTEINS AND USES THEREFOR 
(57) Abstract 

Arterial and venous endothelial cells are molecularly distinct from the earliest stages of angiogenesis. This distinction is revealed 
by expression on arterial cells of a transmembrane ligand, called EphrinB2 whose receptor EphB4 is expressed on venous cells. Targeted 
disruption of the EprhinBl gene prevents the remodeling of veins from a capillary plexus into properly branched structures. Moreover, it 
also disrupts the remodeling of arteries, suggesting that reciprocal interactions between pre- specified arterial and venous endothelial cells 
are necessary for angiogenesis. This distinction can be used to advantage in methods to alter angiogenesis, methods to assess the effect of 
drugs on artery cells and vein cells, and methods to identify and isolate artery cells nad vein cells, for example. 



BNSOOCID: <WO 9952541 A2J _> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AE 


A 1 ban ia 


ES 


Spain 


ES 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


El 


Finland 


LJ 


Lithuania 


SK 


Slovakia 


Al 


Austria 


FR 


France 


El 


Luxcm bourg 


SN 


Senegal 


Al 


Australia 


GA 


Gabon 


EV 


Latvia 


sz 


Swaziland 


AZ 


A/erba; jan 


GB 


I anted Kingdom 


Mt 


Monaco 


ID 


Chad 


BA 


Bi^ina and Herzegovina 


G E 


Georgia 


MD 


Republic of Moldova 


TO 


logo 


13 B 


Barbados 


Gil 


C iti an a 


MC 


Madagascar 


TJ 


Tajikistan 


BE 


R eliimni 


GN 


( ruinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Buikina Fa mi 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HI 


Hungary 


ME 


Mali 


TT 


Trinidad and Tobago 


BJ 


ben in 


IE 


Ireland 


\IN 


Mongolia 


LA 


Ukraine 


BR 


Hia/il 


IE 


Israel 


MR 


Mauritania 


EG 


Uganda 


BY 


Belarus 


IS 


Iceland 


M\V 


Malawi 


ES 


United States ot Amen, 


(A 


Canada 


IT 


Italy 


MX 


Mex ico 


EZ 


Uzbekistan 


( 1 


Central African Republic 


IP 


Japan 


NE 


Niger 


VN 


Viet Nam 


cr. 


Congo 


KE 


Kenya 


\E 


Netherlands 


YE 


Yugoslavia 


CI1 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


Z\V 


Zimbabwe 


CI 


( 'ote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


C \unerocm 




Republic of Korea 


PL 


Poland 






c\ 


China 


KR 


Republic of Korea 


PI 


Portugal 






CI 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint I ucia 


RE 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


EK 


Sri Lanka 


SE 


Sweden 






EE 


Hstnina 


ER 


Liberia 


sc; 


Singapore 







BN8DOCID: <WO 996254 1 A2J _> 



WO 99/52541 



PCT7US99/08098 



- 1 - 



ARTERY- AND VSlPC - SPEuIFI 0 PROTEINS AND USES THEREFOR 

RELATED APPLICATIONS 

This application is a continuation-in-part: of U.S. 
Application Number 09/035,820 filed on Mav 23, 1993, 
5 which is a continuation- m-part of U.S. Application 
Number 09/033,546 filed on May 22, 1993 (abandoned; 
This application also claims the oenefit of U.S. 
Provisional Application Number -5 / O S 1 , 75 7 filed on April 
13, 1993. Tne teachings of eacn of these applications 
10 are incorporated herein cy reference in their enciretv. 

SACKGRCUNP OF THE INVENTION 

Tne process of blood vessel formation is 
fundamental m both development and disease. The 
circulatory system is the firsc organ system to emerge 
15 during embryogenes i s , and is necessary to nourish the 
developing fetus. Disorders cf the circulatory system, 
such as coronary artery disease, are a major cause of 
morbidity ana mortality in modern society. Thus, 
repairing, replacing and promoting the growth of blood 

20 vessels is a major target of mimical research and of 

pharmaceutical development. Conversely, the ingrowth of 
new capillary netwcrks into developing tumors is 
essential for the progression of cancer. Thus, the 
development of drugs that inhibit this process of tumor 

2^ angiogenesis is an equally important therapeutic goal. 
Little attention has been paid to the problem of how 
arteries and veins acquire their distinct identities. 
Indeed, many people have assumed that the anatomical and 
functional differences between arteries and veins sirmoly 

30 reflect physiological influences, such as blood 

pressure, oxygenation and shear forces. Additional 
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Knowledge cf how arteries and veins acquire their 
r e spec:: ve i de r.cities wou 1 d be valuable in bon h r 
and dmical setunas. 



earch 



SUMMARY OF THE INVENTION 
5 The present invention relates to a method of 

distinguishing between arterial cells (including 
arterial endothelial cells, and venoms ce_Is based cu 
the expression of a troteiu on arterial cells 'arterial 
endothelial cells'; and not on venous cells, and to a 
10 wide variety if processes, net hods and compositions cf 
matter, inducing these useful in re sear ci and id omcal 
settings, whi ch are eased cn the differ en to in 
expression between the two cells types. As describee 
herein, it has been shown that there is a molecular 
15 distinction between arterial endothelial cells 

'arteries.; and venous endcthelial cells (veins- and tnaf 
arterial endothelial cells and venous endothelial cells 
bear molecular marxers which can be used to identify, 
separate, t a r ge t , mom i p u 1 a t e or o t he r w i s e p r ccess e a c h 
20 cell type specifically separate from tne otner: . As a 
result, arteries and veins can now be distinguished from 
ore another, and ceiL types that make up arteries ana 
veins can ce assessed tor other genetic molecular or 
functional differences and targeted, manipulated or 
25 otherwise processed individually or separately for 
research, diagnostic and therapeutic purposes. 

The present invention relates to methods cd 
distinguishing and separating arterial ceils from vein 
cells, and more specifically, distinguishing and 
10 separating arterial endothelial ceils fro^m venous 

endothelial cells based on their respective molecular 
markers; methods cf selectively targeting or delivering 
drugs or agents to arteries or veins; methods of 
altering i enhancing or inhibiting, where "inhibiting 1 ' 
"5 includes partially or completely inhibiting) the 

function of art ery - spe c i f i c or ve in - spec i f i c molecular 



BNSOOCID: <WO_9062541A2JL> 



WO 99/5254 1 PCT/US99/08098 



markers c r mteracti or; be t we en t he m i an d, t hu s , 
enhancing or inhibit, ing the effect such functions or 
interactions have on arterial, endcthelia. cells or 
venous endothelial cells) ; and methods of screening for 
5 drugs which act selectively on arterial ceils ; and more 
specifically, on arterial, endothelial cells; or venous 
cells an i more specifically, cn venous endothelial 
c ells) 

The invent ice: also relates to transgenic nenhumau 

10 mammals, such as transgenic mice, in which genes 

encoding an arterial ceil molecular marker or a venous 
cell molecular marker are altered, either physically or 
functionally, and their use as "indicator mioe" to 
specifically v i s u a 1 1 z e either arteries or veins, to 

15 assess the function of the molecular marker which has 

been alterea and to identify drugs which affect : . enhance 
or inhibit] their function. It further re~ar.es to 
antibodies which bind an arterial cell-specific marker 
or a venous cell-specific marker; viral or otner vectors 

10 targeted to arteries or veins by virtue of their 

containing and expressing, respectively, an arterial 
oell-stecif to marker or ^ venous cell-specific marker; 
oDMAs useful for preparing litrari.es to be screened for 
additional artery- or vein- specific genes, and 

15 immortalized cell lines derived from isolated arterial 
endothelial ceils, from venous endothelial ceils, or 
from transgenic animals ] e .. g . , mice) of the present 
invent ion . 

A mo lecular ma r k e r for an arterial cell or a ve n ou s 
30 cell is any gene oroduct (protein or F.NA or combination 
thereof! expressed by one of these cell types and not ny 
the other. Such a marker can be arterial endothelial 
cell-specific ( artery- specif ic } or venous endothelial 
cell-specific i vein- specif ic :» products or proteins. In 
35 specific embodiments, these can be referred too 

respectively, as arterial endothelial ceil - specific 
(artery-specific; ligands and venous endothelial ceil- 
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specif 1: ve :. n - sre c o f i :: receptors. Sue:: T.clecular 
markers can be expressed :n cell cypes m acidic ion too 
arterial or venous endothelial cells, rot are not 
expressed cn both arteria.. and t r enous endothelial cells. 
Molecular markers can include, for example, t.RMAs , 
members of ligand - receptor pairs, and any other proteins 
such as adhesion proteins, transcription factors or 
antigens which are not expressed on both cell types . In 
one embodiment, the molecular marker is a membrane 
receptor which is the receptor tor a growth factor which 
arts on arteries or veins. Jn another embodiment the 
molecular marker is a member of an endothelial cell 
surface I igand- receptor pair which is expressed or: 
arterial or venous endothelial tells, but not on bc-th. 
For example, as describe: in detail herein, a member of 
the Ephrin family of ligands and a member of one llp>h 
f am i 1 y of r e c ep t o r s wh i. c h is its receptor are 1 e c u 1 a r 
markers f o r arterial e n d a t he 1 1 a 1 cells a nd ven a u s 
endothelial cells, respectively and are useful to 
distinguish the two cell types. Any Ephrin family 
1 igand which is expressed on arterial endothelial cells, 
but not on venous endothelial cells ana a venous 
endothelial cell-specific Eph family receptor which 
binds the arterial endothelial oe 1 1 - spec i f ic ligana can 
b e used o o d i stingu i s h between a r teries and veins . 

I n one e mbod i me n t , t he p r e s e n t i men 1 1 o»n r elates t e 
the disco v e r y t ha t arterial e nd o t he I i a 1 cells e xp r e s s a n 
Ephrin family 1 igand and venous endothelial cells 
express an Eph family recep t o r wh i c n is a r e c e p t c r o f 
tne Ephrin family ligand expressed on the arterial 
endothelial cells; methods of distinguishing or 
separating arterial cells varteries!- from venous cells 
^ veins) ; methods of selectively targeting or delivering 
drugs or agents to arteries or veins; methods of 
enhancing or inhibiting aogiogenesis , including 
angicgenesis in tumors, such as by altering 'increasing, 
decreasinc or orcionainct activitv of at least one 
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member of an Ephrin family 1 i gana - co gnat e Eph family 
receptor pair and drugs useful xn the methods; and 
methods of screening f rr drugs which selectively a:: on 
arteries o r ve i n s . 
:> It further relates to- transgenic nonhuman mammals, 

such as transgen.it mite, which have altered jenes 
encoding an Ephrm family ligand cr altered genes 
encoding an Eph family receptor, sum as Ep-hrinI-.2 
ouomcur mire whim contain a cau-IrrZ itiaoE) insertion 

10 that marks arteries but net veins or ErmB4 -mocoouc mice 
whicn contain a reporter construct { e . c . , latZ or 
alKalinc mo spina t as e gene) m the Erh24 locus; ir.ethods 
i =f using tnese mite as "indicator mice" to define and 
visualize angiogenic processes (e.g. , tumor ana r oaenes l s 

It* and is memia -asset iated cardiac neovascularization) or 
to screen drugs for their angiogenic or ant i - ang i ogeni c 
effects on arteries or veins in vivo; and ceils, sucn as 
immortalized, cells, derived from the transgenic mice. 
The present invention also relates to antibodies which 

20 bind an artery- spec i f ic Ephrin family receptee ;e.g., 

antibodies which bind EprhmEc) ; antioodies which bind a 
venous -ope ci f i c Eph family receptor (e.g., antibodies 
which Dine EphB4 ) ; viral or ether vectors waicn are 
targeted to arteries ox veins brr vesse 1 - spe c i f i c gene 

25 therapy by virtue of their containing and expressing l N A 
encoding, respectively, an Ephrin family ligand (e.g., 
Ephrin32) cr an Eph family receptor (e.g., Eph34 ) ; cDNAs 
useful for- preparing libraries to be screened for 
additional artery - spec i f i c or ve in- sioeo i f ic genes (whose 

30 gene products, in turn, might be artery- or vein- specific 
drug targets^ ana methods of repairing or replacing 
damaged arteries or veins by transplantation of isolated 
arterial or venous endothelial cells, immortalized ceil 
lines derived from them, or synthetic vessels configured 

35 from these cells. 
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As described herein ana as is known tc chose of 
skill in the an, Ephrm faxily ligands are divided into 
:v;o subclasses ■.EphrmA and EphrinE ■ and Eph family 
receptors are divided into two groups ■; EpirA ana EpnE ' . 
5 As is a 1 so knew:; , within e ao h sun s 2. as s or group , 

individual, members are designated by an arable number. 
The invention is described nerem with specific 
reference tc EpnrinBl and EphBl , Hcwever, other Ephrm 
am 1 1 y 1 i g a nd - Ep h family receptc r p a i r s wh ich snow 
10 similar artery- ^nd vein-specific expression and tnecr 
uses are aiso nne subject of this invention. Similar 
artery and ve 1 u - spec 1 f i c pairs can bo identified by 
methods cue wn tc chose of skill in the art . 

B1IEF EESCRIFTloX OF THE EolAWINGS 

15 Figure 1A is a diagram of the wild type locus of 

tne EohrinBl gene showing the Excn-1 structure. The 
filled bcx represents 5' untranslated region. The 
hatched box starts at the ATG , and includes tne signal 
sequence. H^Hmdill; X=T\baI ; X = X;:ol; E-EcoRl . 

20 Figure IB is a diagram of the targeting vector used 

tc disrupt the EphrmEl gene. 

Figure 1C is a schematic rep-re sent at ion of the 
mutated EphrcnEl locus. 

Figure 2 is a bar graph indicating the binding 

15 activity to G F I - e phrm-32 cf EphB 2 Fc in the presence of 
hamster ant i - ep hr in - B2 nybridoma supernatants . 

EETAI LED EES GRIFT I OX OF THE IXYEXT12X 

As described herein, it has been shown that 

t rex the 

30 earliest stages of embryonic development and that 

reciprocal interactions between arteries and veins are 
essential for proper vessel formation. This finding not 
cnlv changes dramatically our view of the basic 
ontogenetic anatomy of embryonic vasculature, out also 

35 orcvides tne means to distinguish between arterial 
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endothelial cells and venous endothelial cells, booh 
physically and functionally. As a resale, means of 
separating the two cell types from one another; of 
identifying other artery- or vein-specific genes; cf 
5 assessing the selective effects of drugs or otner agents 
on arteries or veins and, thus, identifying those which 
are artery- or vein-specific; and cf selectively 
delivering or targeting substances to either cell type, 
are now available. in addition, the work described 
10 herein nakes it possible to modulate (enhance or 

inhibit or centre^ vasculogenesis and angiogenesis and 
ico do so, if desired, in an artery- soecific or vein- 
specific manner . 

As described m the examples, a aene which encodes 
\? a cell membrane-associated ligand which is present m 
the nervous system aid the vascular system has been 
shown, in adult mice, to be expressed by arterial 
endothelial cells, and not toy venous endothelial ceils. 
Further, the gene which encodes the receotor for the 
20 Jcgands has been shown to be expressed by venous 

endothelial cells, but not by artery cells. Thus, for 
the first tine, a marker found on arterial endothelial 
ceils (an artery-specific marvel) and a venous 
endothelial cell- ( vein- spe cif ic : marker are available, 
2o making it possible to distinguish between arteries and 
veins for a variety of purposes, such as further studv 
and understanding of the mechanisms of blood vessel 
formation; selective targeting cf treatments or 
therapies to arteries or veins (targeting to arteries 
30 but not veins or vice versa) and selective modulation 
(enhancement or inhibition) of formation, growth and 
survival of arteries and/ or veins. 

In addition, the work presented in the examcles 
demonstrates that reciprocal signaling between arteries 
To and veins is crucial for vessel morphogenesis 

(development/ formation of arteries ana veins! . As 
described, deletion of the 1 igand- encoding gene in mice 
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p re vented the proper development of both arterial and 
venous vessels. Since the 1 :..gani is present on arteries 

but nor. veins, , tne occurrence of the vencus defect is 
evidence that veins require a signai from arteries for 
5 vessel morphogenesis. Conversely, since the arteries 
are also defective in the mutant mice, the Mgand must 
have a function :n the arterial cells themselves, in 
addition to its role in signaling to the veins. In view 
of the fact tne ligani present on arterial endothelial 
10 cells is a transmembrane structure, it most likely 

functions to receive and transduce to arterial cells a 
reciprocal signal from venous cells. 

Specifically, a ligand whicn is a member of the 
hphrm family of Eph family receptor interactive 
15 proteins Eph family of transmembrane liganos: has been 
shown t • be expressed by arterial endothelial cells, out 
not by venous endothelial cells. Thus, it is now 
possible to distinguish between or target arteries and 
veins by reiving on the presence or absence of an Eph r in 
20 family ligand and its receptor, which is a member of tne 
Eph family of receptor proteiio tyrosine kinases. As 
described herein, arterial endothelial cells have been 
snown to express Ephrir:3 2 and venous endothelial cells 
have been shown to express Epn3-= , which is an Epnrin32 
25 receptor. ZphrinBl is not expressed on venous 

endothelial cells and Epn34 is not expressed on arterial 
endothelial cells, providing a means by which the two 
cell types can be identified cr distinguished and, thus, 
a means by which arterial endothelial cells and venous 
30 arterial cells can be, for example, separated from one 
another, targeted specifically or acted upon in a 
selective manner '.e.g., by a drug or agent which acts 

cell type to the exclusion of the otner ' . For 
antibodies that bind to EphrinE2 or to its 



upon one 
example , 
"5 e :•: t r a o o 1 1 
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; •-• i to rluore^cent ac::vared cell sc::i-:; t - . 

The work described herein, particularly in the 
examples, refers to EphrinB2 and EphB4 . However, any 
5 ligar.d-receptor pair from the Ephrm/Eph family, any 

other iigarid- receptor pair or any gene product, produced 
by one ceil type and not the other i e . g . , an Eohrc ri 
iigand is expressed by arterial endothelial cells out 
r --- t.y venous endothelial cells and an Eph receptor is 

10 expressed by venous endothelial cells but not by 

arterial enaotheiiai cells' can oe used to distinguish 
berween or identify and, thus, selective!'/ act upon, 
arterial endothelial ceils and venous arterial cells. 

The ephrins (ligands) are of two structural types, 

1> which can te further subdivided on the basis of sequence 
relationships and, functionally, on the basis of the 
preferential binding they exhibit for two corresponding 
receptor subgroups. Structurally, there are two types 
:f ephrins : chose wni ch are membrane -anchored by a 

20 g 1 y cent ho sp- h a t i dy 1 inositol (GPT ; 11 iok age a. nd t ho- s e 
aitcnored thr ough a t ransmeoibr ane donna in . 

Conventionally, tne ligands are divided into tne Ephrin- 
A subclass, which are GPI- linked proteins wnicn sand 
preferentially to EphA receptors, ana the ephrinA 

2 > s uo c 1 a s s , w n l c h are trans me mb r a ne p r c: e i n s w T h i c h 

generally bind preferentially to- EnhE receptors. 

Tne Eph family receptors are a family of receptor 
protein- tyrosine kinases whim are related to Eph, a 
receptor named for its expression in an erythropoietin- 
30 reproducing human hepatocellular carcinoma cell line. 

They are divided into two subgroups on the basis of the 
relatedness of their extracellular domain sequences and 
their ability to bind preferentially to ephrinA proteins 
or ephrinE proteins. Receptors which interact 

3 c- preferentially with ephrinA proteins are EphA reoep-tors 

and those which interact preferentially with ephrinB 
proteins are EphB receptors. 
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As usca here:::, the terns Zphrin and Epn are used 
:: refer, respectively, to 1 Igands ana reseptors. They 
can ce frcn any :: a variety c: aninais -.e.g., 
T.arr.T.al s / nor.maxnva 1 s , vertebrates / nonvercebra t es , 
5 including huxans; . The nomenclature in this area has 
changed rapidly and the terminology used herein is thai 
proposed as a result of work by the Eph Xomenc latere 
CoxT.i t tee , which can be accessed, along with previously 
usee raxes at web site http :./ www . eph - ncrr.enc latere . cert . 

naandis' are aiven in the Table. 
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EPH RECEPTORS AND LIGAND SPECIFICITIES 


E p h Receptors 


Eohr ins 






EphAl 


Ephrin-Al 


EphAl 


Ephrm-A3, -Al, A5 , -A4 


EphAl 


Ephrir:-A5, -A2, A3, -Al 


EphA4 


Ephn:a-A5, -Al, A3, -A2 , 
-E2, -33 


EphAii 


Ephrin-A5, -Al , A2 , -A3, - 
A4 


EphA3 


Ephrin-A2, -Al, A:, -A4 , - 
A: 


Ep-nA / 


^pnnn-A^ , -A3, A^ 




Ephrin-AE', -A3, A2 


tr v~. Vi "d i 

HiP LltS i 


hpnrm-H^ , -HI, A^> 


EphB2 


Ephrir.-Bl, -B2, B3 


EphB 3 


Sphrin-Bl, -B2, B3 


EphB4 


Ephrin-B2, -Bl 


EphB 5 


Unknown 


EphB 6 


Unknown 
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T he wc r k -described he re: :: has r,u m. ercus resea r c h and 
clinical applications, which are discussed below. 

As used herein, a transgenic mouse is one which 
has, incorporated into the genome of some or all its 
5 nucleated ceils, a genetic alteration which has been 
introduced into the mouse cr at least one of its 
ancestors, by the manipulations of man . A t ran sgeni c 
mouse can result, for example, from the introduction: of 
I IMA into- a fertilized mouse -ovum cr from the 

10 introduction of UNA into embryonic stem cells. 

One embc d i men t of t he prese n i i n ve n tie n i 3 a 
transgenic mouse, which because of its particular 
cenotype, expresses only in ceils of veins -or :niy in 
cells of arteries a gene whose RNA transcript cr 

15 polypeptide gene product can be detected, for example, 
oy in situ hybridization of RNA, by fluorescence, hy 
detection of enzymatic activity, or by detection of a 
gene product by antibody binding and a detection system 
for the bound antibodies. 

20 A oarticular embodiment, of the present invent ion is 

a t r a n o c e n i c mouse of cenotype Ep hr inB2' , -/herein t h e 

o c c u r r 1 1 oc allele n a .- be e n ci e 1 e t e oi , mo d i f :. e oi o r r e p i a o e a 
w 1 1 h a mu t a r: t ahele, mcinma a mutant a 1 1 e 1 e which 
25 can nave an insertion of an . r. ;.: c • : /. gene. Such a 

who type, altered or no I.cund o unction. A mouse of 
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C u an :r.e: h c ci s a r c - ilu s t rate ci b e 1 o w ' ; s i r. a ' h-- iphrmB': 
a ene ci s a n example, b u r :a r. a i s o b e use u r o r any a r h e i 
v o j_ - ,~2r art^ rv"Soecifi a aora . 

t . ■: exancle, it as possible :: predate a vec:cr 
5 a a r a v mg an insertion, a ci e 1 at ion , or one or rare p o no 
mutations m tne EphrinBI gene. The EprhinB.: transgene 
r- h n be introduced into tne genome, via a v e c t s r a a r a y i n c 

;I98 r ^, or o\' in a redo.: i no 



a mat aqera ze a apn r ana... a . 
1 r a n s a e n e 



k a a ; - 1 j 



example, : -co./ ? a. . , M . v, . , science - s : m„ - o - _ r^ , - a - ; ■ , 

or r a or her me t nods . 

An insertion or ON A used to const rue t a trans rreni a 
15 knockout mouse can have v/rthin rr a gene whose presence 

can be reaariy tested, such as tec, which confers upon 

its host aeiis resistance tc G418. It is an advantaae 
f irrrcrri' i u a i e a t o r mouse • e . q . , Ep /: r : nB^ 

to be able t~ express, under teas control ot tne 
20 EpnrmBZ promoter, an indicator aene, which can be any 

a e n e net e n d c a e n o u s 1 v expressed by mice. A carticu.ari 



_ _L L. CI '._ T 



aavantaaeoas mat cater gene aa- 
detection c BohranBi expression, presumaraly as it is 
occurring in tne wild cyp e allele, by the production r 
25 a aene product ram a as detectable, tor example, ay its 

own Irqht aosarbance properties, its aciiity to act \ipo: 
a substrate ta yield a coiored product, or its aciiiiy 
re banc ta an indicator or dye which is itseir 
detectable . 

30 Further , alternative methods are available to 

produce conditional knockouts or tissue specific 
knockouts of a gene expressed specifically in veins or 
in arteries (i.e., a vein- specif ic or artery-specific 
qenei , for example by a site-specific recombinase such 
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■14- 



15 



30 



e ■ of '/ease . 

The bacteriophage 

ratable :f meaiacur 



;ite ; 



acti r. 



site -so- 



cm at; i : 



i t : 



n both ES cells and crane genie nee . The sec 
eccmbmase Ore can also be used in a predefin 
ineage or ac a certain stage of development . 
xamole, Gu , H. e: a I . , 3To.ienee 265:103-1:3, i 



onoma: ten 
e -spec : i :. • 



gene segment was deleted t 



ex. J_ ir; v_ 



1 3 2 - ., 



i.yxerase 

net, u . Z . e t a i . , < 1 3 ^ : 1 3 1 

19 Q ^, in which Cre/IoxP recombination was restricted to 

cells .in the nous-: torebra in . The impact of the 
mutation on tnese cells can then be analyzed. 

The Ore reeomb inase catalyzes recombination between 
34 bo loxP recognition sequences !Sauer, .3. and 

Henaersct, K. t Proc . Natl. Acad. Sci, USA 85 : 5 1 3 6 - 5 1 7 C , 

1 988 ; . m ne loxP sequences can be .inserted : n i the 

genome c: embryonic stem ceils by homologous 
reconbir.aticn such that tnev flank ore: 



r- n 



ne or interest 3m a 



>r more exens : 
flexed 1 ' gene 1 . It is 
crucial that the insertions do not ' nterf ere with normal 
expression of tne gene. Mice homozygous for the floxea 



aene 



aererated from these embrvcroio stem ce^is bv 



conventional tecnniques and are crossed tc a second 
mouse that harbors a Pre transgene under tne control o 

a tissue type- or cell type - spe cif ic t rans cr ip t iota 1 
promoter. In progeny that are homozygous for the flox 
gene and that carry the ore transgene, the flexed qene 

will be deleted by Cre/ioxP recombination, but only in 

tnese cell types m which the Cre gene -associated 

promoter is active. 

A gene that encodes a protein which acts to nave 
tne effect of mimicking the phenotype caused by 
mu t a t i on s in a vein-specific or a r t e ry -specific gene c 
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aiso be used to achieve the sane effect as knockouts in 
vein -specific ca- artery - specif i c genes . 

A mutation in a gene which encodes a product which 
prevents binding cf logand to receptor or prevents the 
functional consequences of such binding and thereby 
duplicates cue phenotype of a vein- ir artery -■ specific 
gene knockout (e.g., a dominant negative mutant ) can be 



used as an alternative 



knockout . The mutated crone 



s to b- 



can be put under the control of a : issue-specific 
promoter to be expressed in vein or artery, depend: 
the t issue - spe ::i f i c gene product whose function is 
inhibited . 

In addition, one or more dominant negative alleles 
of an artery-specific -or vein- spec i f i s gene can be put 
under- the control of an inducible promoter so c i ; a ~ upon 
induction, the effect of the inhibition of gene functio: 
can be studied. A dominant negative mutant can be 
isolated or constructed oy mutagenesis and methods to 
make a transgenic mouse. 

Testing to identify the desired mutant or wile oyp- 

alleles, or for the identification of other alleles, cai 
be done by PCR on isolated genomic DrtA, using 
aporccriate primers, or by Souther:; blots using 
appropriate hybr idi zat icn probes, by a combination of 
these procedures, o r by o t her me t h ids . 

described or the Examples herein, one use of cx :o; us - • 

e me thec for: t e s f ± n g an effect o f a d r u g n g r o w t h ~ f 
arteries. The method car. c c mc rise a dmi n r s t e r i n one 
drug oo a mouse e.g., err.fc rye , recuse- , j uvem , adult 
a wound size , tumor, i schemi c Lesicr. o r arteriovenous 

ir. arteries, an:: observing r 
boon of tre aro^rieh compared 



. r u c 
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i : . ". : . u ;. 



Ten- 



10 



15 



20 



An 



;mi:. is:ra" 
< r: o >: r t 

T.OUt 



i r u ■:: 



jerted i n a 



gene specitically expressed en 
cells can re rrcsseo with a mouse c :. another 
carrying a nu:at ion in a gene which is t 
c:s efrec: on ::e growth ana development 



navmc an ma i cat or aerie 

artery 
a t rai n 
>c tested 
; blood 



'/esse Is , t 
effects of 
In tests £ 



allow ror easier 



'i3uanza:;o" or tne 



:he mutation specifically cn artery ceils. 
; sitiiar to those describee above, the effect of 
'an be assessed on the mouse which results from 
this type of cross, to see, for example, whether the 
•effect of tne nutation can oe alleviated by tne drug. 
In lixe manner, an indicator mouse having an indicator 
gene inserted in a gene specifically expressed m vein 
ceils can be used m a cross with a mouse with a 



growl 



veins is 



ti:iu uvoria 



.sed 



. n s : 



m u t a t i o n w hose e f f e c t 
evaluated, ana the re: 
the g r o w t h o f veins. 

As a result of the worx described herein, it is 
possible to differentiate between arterial endothelial 
cells i. arteries'; and venous endothelial cells \ veins) by 
taxing advantage of the presence of an artery- specif ic 
or vein- spec i f ic gene product on tne surface of the 
tells. Arterial endothelial cells and venous 
endothelial ceils can each ce isolated from cells of 
tther tissue types by, for instance, excision of artery 
or vein tissue from, a sample of mammalian tissue, 
dissociation of the cells, all o w ing the cells to bind, 
under appropriate conditions, to a substance which has 
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scire property cr characteristic • e . c; . , e molecule which 
provides a Label or nag, or molecule that :oas affiin ty 
001 botr. toe an artery-- spe o 1 f 1 c cell surface protein ana 
another t yp.- ■ of Tiolecule) that facilitates separation of 
5 cells bound to the substance from ceils not bound to 0 lie 
substance. Separation of the ceils can take advantage 
of the properties of the bound substance. Fen- example, 
to- substance can ce an antioody (antiserum, polyclonal 
or monoclonal'' which has been raised against tne protein 

10 specific to arterial endothelial eel i.s or to a 

sufficiently antigenic pert ion of t" he protein.,- and 
laoeied with a f lucrochrome, with bio tin, or witn 
another label . Separation of cells corned to the 
substance can be by fluorescence activated c • .• 1 1 sorting 

15 FAoS) , foi" a fluorescent label, by streptavidin 

affinity column, bor a robot in label, by other affinity 7 
cased separation methods, or, for example, by antibody- 
con 1 ugated magnetic beads or solid supports. " Isclatea" 
C; s 1 s e d n erem f o r ceil s mdi.oat o s t h a t toe cells lo a v e 

20 been separated from other ceil types so as to be a 

population enriched for a certain cell type, compared to 
the starting population, and is net limited to the case 
0 i" a population containing 10G% one cell type. 

Otner means of separation can exploit ( for blood 

25 vessel cells bearing an indicator insertion m a gene 
encoding an artery- or vein-specific protein, the 
properties of the indicator gene product or portion of 
fusion protein encoded by the indicator insertion. For 
examoie, cells producing an artery- or vein-specific 

30 fusion protein with a green fluorescent protein portion 
or a biue fluorescent protein p ort i-on can be separated 
: r-oir, non-fluorescent cells by a cell sorter. Cells- 
producing a fusion protein having an artery- or vein- 
specific protein portion and an indicator protein cr 

35 portion with binding -cr enzymatic activity can be 

detected by the ability of the fusion protein to bind tc 
a fluorescent substrate, for example a substrate for v. - 
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aaiactosiaase or - lactamase, cr :c produce a 
fluoresce::: produce in cells. 

The isolation cr arterial endctnelial cells and one 
isolation of vencus endothelial cells allows for tests 
5 c f t he s e ceil t ype s in culture to assess the effects of 
various dru;s, growth factors, ligands, cytokines, 
roe nob e rs of the Eph and Ephrin rani lies cd receptors and 
iigauus, molecules that bind to cell surface proteins, 
cr other molecules which can nave effects on the growth 
10 ana develop merit of arteries and veins . One or more of 

these substances can be added to the culture medium, and 
the effects oo these additions can be assessed e . g . , by 
measurements oo growth rat- or viability, enzyme assays, 
assays for the presence of ceil surface components, 
15 incorporation of labeled precursors into macromolec:ules 
s u c h a s DN A , RN A c r proteins) . 

Isolated arterial endothelial cel..:. s cr isolated 
venous etdctneiial cells can be maintained m artificial 
growth medium , and an immortalized cell line can be 
10 produced from, each such isolated cell type .'i.e., 

"transformation"- by infection with one of any number of 
viruses ; e.g., retroviruses, by transduction of 
immortalizing one o genes such a s v - m y c o r S V 4 0 T antige n 

known to effectively transform ceils in culture. The 
25 virus can be chosen for its species specificity of 
i niect : v itv '.' e . g . , mu r i n e ecotr c pic v i r u s f c r rr.ou s e 
cells; acaphctropic or pseudocyped viruses for human 
cells- . As an alternative to viral trans f ormat 100 , 
cells can be maintained in culture by propagating the 
30 cells m medium containing one or more growth factors. 

Immortalized cell lines derived from either vein cr 
artery ... _• ^ 1 s can be used to produce cDNA libraries to 
facilitate study of genes actively expressed in each of 
these tissues. Further, such cell lines can be used to 
35 osculate and identify proteins expressed in the cells, 
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for instance, by purifying the proteins from conditioned 
crowth medium or from the cells themselves. 

As one alternative to using immortalized cell lines 
of arterial or venous origin, cells or cell lines of 
5 non-arterial origin or non-venous origin be . g . , 

endothelial cells from other tissues, or fibroblasts) 
can be genetically altered • ry the int rc duct ion of one 
or mo- re no n - endc genous ly expressed genes) to express an 
arterv - specific or ve i n - spec: f io oe 1 1 serf ace protein, 

10 and used in met nods to detect and identify substances 
that interfere with receptor- ligand interaction. 

Introducti on of one or more genes into a oe 11 line 
oan oe , for instance, by transformation, su::h as by 
e lect r opera t ion , by c ale rum pnospnate , oEAE - dext ran , o r 

15 bv liposomes , usino a vector winch has been constructed 
to have an insertion of one or more genes. See Ausubel, 
F . Nh et a a. , Currenz Protocol? in Molecular Biology, 
chanter u, containing supplements through Supplement 40, 
hall, 199^', John Wiley U Sons, new York. The 

20 .introduction of one or more genes to be expressed in a 
ceil line can also be accomplished by viral inrection, 
for example, hy a retrovirus. Retroviral gene transfer 
has been used successfully to introduce genes into whole 
cell pepuiat icns , thereby eliminating problems 

25 associated with clonal variation. 

The ability to differentiate and to isolate the 
ceils of veins and arteries allows for a wide variety o 
applications for a wide variety of purposes . For 
example, it is now possible to -assess the effects of 

30 various agents, such as drugs, diagnostic reagents and 
environmental /'dietary factors, cn arteries and veins am. 
to determine if the effeots observed are common to both 
types of cells or specif! o to one cell type. 

For example, it can no longer be assumed that 

35 angiogenic and ant i -angiogenic factors or drugs act 

equivalent ly on arterial and venous cells. Isolation 



BNSDOCID: <WO &S52S41A2 I > 



WO 99/52541 



PCT/US99/08098 



-20- 



these cell types cf :i:ese tissues, which :s made 
possible by tne present wor!-: , allows testing cf these 
anc;icqcr.:c and an t i - atgiogeni c factors for arterial or 



spe 
clinical i 
allow the 
drucs , sue 



:if :.c;ty, which will pre vide mere selective 
cdicatioiis for these drugs. it will aiso 
discovery of new artery- or ve i n - se lec t i ve 
t as b y h i g h t h r o u g h p o t screening of 
;tn:rtauzed arterial or venous endothelial cell lines. 
Existing drugs can also ce selectively targeted to 
10 arteries o c veins by using the rurctems described hereir 
as targeting devices 'e.g., liposomes or viral vehicles 
caving the protein or so extracellular domain portion 
there'- f on the viral surf ace '• t :.. del Ivor (drugs '.e.g., 
cheniL rally coupled (drugs; to cne type cc vessel or the 
1 o- o t he i . F c r exant I e , a r t e r y - sretifi c agents o a u be used 
tc promote collateral growth o-f arteries to bypass 
ccror.ary artery occlusions or ischemic lesions. 

T h e r e a r e :;u:n e r ou s a p p r o a ones t c- screen! ng a g e n t s 
for their selective effects ^angiogenic or anti 
20 angiogenic, affecting vasot errs ion , or inhibiting 

tcrmacicn cf at he rose ierot i c plaques. ; on arteries and 
veins. For example, nigh- throughput screening of 
co'mpouncs cr molecules can re carried cut tc identify 
agents or drugs which act selectively o>n arteries or 
25 veins or, in socte cases, on booh. Test agents to be 

assessed for tneir effects on artery or vein cells can 
be any chemical element, molecule, compound; , made 
synthetically, made by recombinant, techniques or 
isol creed from a natural source. For example, test 
30 agents can be peptides, polypeptides, peptoids, sugars., 
hormones, or nccleie acid molecules, such as antisense 
nucleic acid molecules. In addition, test agents can bt 
small mole coles or molecules of greater complexity made 
by combinatorial chemistry, tor example, and compiled 
3c 1 into libraries. These libraries can comonse, for 



example , a. 



alky 1 ha 1 1 des , amines , ami ides , 



:ers, aldehydes, ethers and other classes cf organic 
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coxpcunas. Test agents can also ce natural or 
genetically engineered products isolated from lysates o 
growth media of cells -■ oacterial , animal or plant -- 
or can oe the cell lysates or growth media themselves. 
Presentation of test compounds to the test system can b 
in either an isolated form or as mixtures of compounds, 
especially m initial screening steps. 



i r u a s 



• r. c i o '""i l 



• , a r 1. 1 - 1 1. a a ■- 



15 



laentrrv t rose 



a r u a s w : 



a o 1 1 v i r v 



.mmortaliz. 



■ i vi t v , 



i r c e s t a t 



t n • • 



i: one embodiment, an assay car: be cam 



^phrin iioa:o:i to its Eph recept::, such as oi radius of 
EphrinE2 f the Eph34 reset t. or, or vice-^ersa, by 

fusion proteins to Imraortal 1 ted ceils. Alternatively, 
30 such litrariet can oe screened to identify members wh:c: 

b y enhanci n c o i n d i n o o f labeled 1 1 a a n d - o \ r e c e p f o r- Fo 

f u s i o u proteins t .: i mmo rtal :oeu sells. 1 1 u g s i a e n t 1 1 ; e 

t h rou dh this s c r e e n i n a can then be teste/: in animal 

35 mooels on;., models of cancer, ar te n overious 
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it tne f::e = e:;"- ana i:: it-- at : r - :r_- urn- 



irte r ia I enact: he I ul eel 1-specif ic mo L ecu! e wit: 



.n zi 



In one embodiment of an assay to identify a 

15 substance that interferes with interaction of two ceil 
surface molecules, one specific to artery and tne other 
SDeeific to vein e.g. , binding of a iigand to a 
receptor that recognizes it; interaction between 
adhesion orotems; interaction between a cell surface 

20 crotem and a carbohydrate iciety on a cell surrace! , 
samples of ceils expressing one type c: ceil surface 
molecule • e . a . , cells expressing an Eph receptor, such 
as a a vein-derived ceii iine or other cells genetically 
manipulated to express tne Epn receptor; are contacted 

25 with either labeled Iigand (e.g., an ephrir Iigand, a 
soluble portion thereof, or a soluble fusion protein 
such as a fusion of tne extracellular demain and the Ec 
domain of IgG) or labeled Iigand plus a test compound or 
group of test compounds. The amount of labeled iigana 

30 which nas bound to the ceils is determined. A lesser 

amount of label (where the label can be, for example, a 
radioactive isccope, a fluorescent or coiormecric label = 
in tne sample contacted with the test compound (s) is an 
indication that the test compound (s) interferes with 

35 binding. The reciprocal assay using cells expressing a 
Iigand (e.g., an Ephrin iigand or a soluble form 
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thereof ■ can be used :o test for a substance chat 

}:■ er:i o n t erec: . 

An assay :o identify a substance which interferes 
5 with interaction between artery - speci f ic and vein- 
specific cell surface protein can be performed with one 
component ie.g., cells, purified protein, including 
fusion pre te ins and portions having binding activity' 
which is not to be in competition with a test coTpounc, 

10 linked to e solid support. The solid support can be any 
suitable solid phase or matrix, such as a bead, the wall 
:>f a plate or other suitable surface e.g. , s well of a 
m:i orot iter plate'' , column pore glass < CPG ■ or a p i n that 
can be submerged into a solutrort such as in a well. 

15 Linkage ot cells or purified protein :c the solid 

support can be either direct or through one or more 
linker molecules. 

Upon the o sol at ion from a mammal of a crone 
e xp re s s i n g an a r t e ry - spec i f i c o r a ve i n ~speci.fi c 

10 protein, one gene can re incorporated moo an expression 
s y stem for pro du c t i on of a r e c omb l na n t protein o r f u s i c n 
protein, followed by isolation and testing of the 
protein in vitro. The isolated or purified protein can 

also be used in further structural studies that = 
25 for trie design of agents which specifically bind 

protein and can act as agonists or antagonists of the 
receptor or 11 g and act: v i t y c f t he pro t e i n . 

In one embodiment, an isc- rated or purif_.ee artery 
specific or ve i n - s p e o i f i c protein can c e i mmob 1 1 1 z e d c n 
30 a suitable affinity matrix by standard techniques, such 
as ohemical cross -- 1 inking , or via an antibody raised 
against the isolated o-r purified protein, and bound to a 
solid support. The matrix can oe r:.acKetc. in a column or 
ether suitable container and is contacted with one or 
35 more compounds \ e . g . , a mixture' 1 to be tested under 

conditions suitable for bmdina of the oomcound to the 



.low 
; , t . 
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protein. For example, a solution containing compounds 
can be made to flow through toe matrix. The matrix can 
be washed with a suitable wash buffer to remove unbound 
comp ounds and n o n - speoi f i ca liy round ocmpounds . 
5 Compounds which remain bound :an be re leased by a 

suitable elution buffer. For example, a change in the 
ionic strength cr pH of the elution buffer can lead to a 
release of :o:npounds . Alternatively, toe elution buffer 
can comprise a re lease component cr components designed 

10 to disrupt binding of compounds (.e.g., one or more 

1 igands or receptors, as appropriate, cr analogs t lie reef 
which can disrupt condone or competitively inhibit 
bunding of test compound* to the protein) . 

Fusion proteins oooprisiog all of, cr a portion of, 

15 an art ery- sp ec o f i o or a vein -specific p rote in I inke d to 
a second mo let y not o reurri ng in t ha t prote in as found 
i. n n a t u r e o a n b e p reparo d for u s e in another e mbo d i m e n t 
t'f the metnod. Suitable fusion proceins for this 
purpose include those in which the sooonii moiety 

20 o cmp> r i s e s an affinity 1 i ga n d (e.g., an e n c y me , an t i ge n , 
ep-i t op>e ; . The fusion p> ro t e i ns can be produced by the 
insertion of a gene specifically expressed in artery cr 
vein cells cr a portion thereof into a suitable 
expression vector, whicn encodes an affinity ligand. 

25 The expression vector can be introduced into a suitable 
host ceil for expression. Host cells are disrupted and 
one cell mat e rial , c onta ining fusion protein , can be 
oo-und to a suitable affinity matrix by contacting the 
cell rnateri al with an affinity matrix under conditions 

30 sufficient for binding of the affinity ligand portion of 
the fusion protein to the affinity matrix. 

In one aspect of this embodiment, a fusion protein 
can be immobilized on a suitable affinity matrix under 
conditions sufficient to bind the affinity ligand 

35 portion of the fusion protein to the matrix, and is 

contacted with one or more compounds !e.g., a mixture) 
to be tested, under conditions suitable for binding of 
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compounds t c the receptor or ligand protein pcrticn of 
the bound fusion protein. Next, the affinity matrix 
with bound fusion ore t em ran be washed wit:: a suitable 
wash buffer to remove unbound compounds and non- 
5 specifically bound compounds without significantly 
disrupting binding of specifically bound compounds. 
Compounds which remain round can be released by 
c intact mg the affinity matrix having fusion protein 
bound thereto with a suitable eiution buffer a compound 
10 eiution buffer; . In this aspect, compound eiution 
buffer can be formulated to- permit ret "notion of the 
fusion oreteon by the affinity matrix, but can be 
r crmu lated to interfere with bi riding of the compound :' s 
tested to the receptor or ligand protein portion of the 
15 fusion protein. For example, a change in the icon; c: 

strength or pH of the eluoion buffer can read to release 
of compounds, or tne eiution buffer can comprise a 
release component or components designed to disrupt 
binding of compounds to the receptor or ligand protein 
10 portion of the fusion protein (e.g., one or more ligands 
o r r e c e p t o r s o r a n a 1 og s t h e re o f wh i c h c a n d i s rut' t 
binding of compounds to the receptor or ligand protein 
portion of tne fusion protein' . 

Immobilization can be performed prior" to, 
25 simultaneous with, or after contacting tno fusion 
protein with oompcund, as appropriate. Various 
permutations of the method are possible, depending upon 
factors sue n a s the c c mp ound s tester:, the off in: o y 
matrix selected, and eiution buffer formulation. For 
30 example, after tne wash, step, fusion protein with 

compound bound thereto can be eiuted from the affinity 
matrix with a suitable eiution buffer ;.a matrix eiution 
buffer . W he re the fusion croteio c omo rises a c i e a v aci- 
linker, such as a thrombin cleavage site, cleavage from 
35 the affinity ligand can release a portion of tne fusion 
with compound bound thereto. Bound compound can then b 
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released from the fusion protein or its cleavage produc: 
by an appropriate method, such as extraction. 

One or more compounds ;an be tested simultaneous Iv 
according no the method. Where a mixture of compounds 
^ i5 tested, the compounds selected by the foregoing 
processes can be separated t as appropriate) and 
identified by suitable methods (e.g., PCR, sequencing, 
chromatography) . Large combinatorial libraries of 
compounds (e.g., organic compounds, peptides, nucleic 

10 acids 1 produced by combinatorial chemical synthesis or 
otnor methods can be tested (see e.g., Ohlmever, M.K.J. 
— al . , Prac. Narl . Aczd. Sai. USA 90 : 1 ■? '? 2 2 - 1 0 92 6 ; lo93! 
and DeWitt, SUA. er al . , Pro c . Natl. Acad. Sai. USA 
or : 6 9 (to - 6 9 1 3 (19E-3), relating to tagged compounds; see 

lo also, Ratter, W.d. ec al . , V.S. latent No. 3 , 31.0 , 175 ; 
Hueoner, V.D. et al . , d . ~ . Patent No. 7,1-2,366; and 
Geysen, H . M . , U.S. Patent No. 4,333,091;. Where 
compounds selected from a combinatorial library by one 
present, method carry unique tags, identification of 

20 individual compounds by chromatographic methods is 
possible. Where compounds do not carry tags, 
chromatographic separation, followed by mass 
spectrophotometry to ascertain structure, can be used to 
identify individual compounds selected by the method, 

25 for example . 

A-t in vivo assay useful to Identify arugs which act 
selectively on a* eerie s :o on veins it also available. 
It is carried out using transgenic anamala r such as 
those describee herein, which na.<e it :ocs;ible to 

3 0 v 1 s u a 1 .1. o e argio g e n i o prores s e s . P o r e >: amp- ie, an 

nphrinBl krookroo mouse containing a ma iver, such as a 
:au-la::U insertion, that marks all area lies but not 
veins, can oe used foi a variety of in vivo assays. 
Other marker genes that can be used, for instance, are 

3? genes expressing alkaline phosphatase, blue fluorescent 
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cur. a 1 so be '.ae:i a a assise drags f c 

1 5 a a ~~ 1 - a a 7 1 o ae:a? effects. 

A gene product produced specif really by arterial 
endothelial cells arte a: es . and net by other cell tyoe 
allows for tne specific targeting of drugs, diagnostic 
agents, tagging labels, histological stains or other 

20 substances specif 1 :ally to arteries. In an analogous 
manner, a gene product identified as produced 
specif really icy venous endothelial cells (veins, and no 
detestably produced by other ceil types allows for the 
specific targeting and delivery of drugs, diagnostic 

Z'C' agents, tagging labels, histological stains or other 
substances specifically to veins. The following 
description of targeting vehicles, targeted agents and 
netnods is presentee using Ephrin32 as an illustration 
of a gene product produced by arterial endothelial ceil 

30 ana not oy vein cells and EphB4 as an illustration of a 
gene product produced by venous endothelial ceils and 
not by artery cells. However, this description applies 
equally well to other artery- spec 1 f re and ve::a specific 



qene products that 



be used to identi: 



aces e tissue 



^ v u e i=> 
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oo- : :i-;f::^ c i f i c E p h I a m i 1 y receptor Eph 1 4 c : : . a 1 s - 

b e i; eeci h o u it o s ae^ire ci r . 0 p r o adae e an e f f e 0 t ■ a. b ~- a : ; 
a r a e r a e s a n a veins . F 0 r a :*; a mo 1 a- , I i 1:1a a a 1 a me a r. a s c f 
targeted a. aer::s e crop nsinq an an:i-..3ng i c a e a 1 a d r a q a r: a a 
5 taraetmo vehicle tc eitner EphnnBl, E p h B 4 , or acta, 
can be administered locally to sites of ar.gioqenesis, 
such as siaes of tumor' formation or sices of undesirable 
n e o v a s c u 1 a r i a a a i o a vooere it as desired to inhibit a u e 
q row: of b I o o d vessels, or to are a s 1 n w 00 a. 1 n c r e a a e d 

1 0 a a a c a 1 a r a a a 1 1 o n a 3 0: e a 1 r e d a a e n h a n a e a r 0: w t h or 
estabiis roe n a a f b loo d vessels . 

lubsoances tnao - aca as aqeuisos or antagonists 01 
a a a r a e r y - s o; e c 1 f 1 a tpui 1 a family 1 1 a 3 n 0 . e . g . , Ipnrinll l 
o r a v eirospeoit:: Iph family receptor -e.g., 1 p n B 1 a a a 

15 be a a - a a s amuogera: or a n t a - a n a 1 c- genie a g a 1 n us. or u a a 
that t a r q e t these molecules will selectively a n f fa e a c e 
arterial -a. a v e n c us a n a 1 o g e n e s 1 s . F o r example, 
monoclonal antibodies to a o h r 1 n B 2 or E p h B 4 c a n serve as 
artery- or v e 1 10 - s p e c i f 1 c angiogenic or a n a i - a n g 1 o g e n r a 

20 aaents. Drugs that interfere w i t h Eph r r :~i3f function 

;for instance, blocking antibodies': can ce usee in anti- 
a n a 1 o a e n 0. c methods of therapy. As can be conciudea fr or ; 
tne phenotype shown by the EphrinB2" ,: ilcai aa:i • 
mutant mice, antagonists of EphrinBl or antagonists of 

25 EphBi will inhibit angiogene 3 1 s . Agents whicn are 
agonists of both EphrrnBa ana EphB4 will promote 
a n g 1 o genesis . 

In another example, soluble agonists which ccoprrse 
the extracellular domain of an Ephrm family lagans! or 
30 the extracellular domain of an Eph family receptor- rosea 
to tne Fc domain of human IgG can be produced . For 
example, an E p h B 4 o 0 a n E p h r i n B 2 h y b r i ol protein 1 n w h 1 c h 
tne extracellular domain of the 1 membrane protein is 
fused to tne Ec domain of human IgG can be used ; Wang, 
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rear r i 



rr. o n 1 



its: Ep: 



l 0 a:;tag o nisrs. 

a ami r.: stra::cr: . : c he so Is, pre : e r abl y ii-ravenci; si'/, 

l n s c r poratec: .:. : : t a b .1 o : d vessel o :. •.. h - a p c r c c r:a:e 
*~ vp- . ' : this we'/, ehe effects cf oeneta. c oefecf 

endothelial cell : > r as can mrarate to sir.es of 

T h e i r. t r o ci u :v_ : o r :: a gone ai: e r a a o a e n o u s a e e - t h a t 
25 has beer; altered, a: a ger.e original I y i solateh box ,i 

e x axp be, o y v e o t r mediate o ooe t r a n s t e r , a • b \ • 
amphot r cpi a ret r :v i. leases , ca \ cram oho achate , c r 1 aces ere- 
30 fas a on, tor exar.ple. 

A gene intended to have an effect on arteries cr 
veins in a host mammal can be delivered to isolated 
artery cells or isolated vein ceils by the use of viral 
ve cecrs c omp risi ng one o r mo r e no oleic acid s e aue n oe s 
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encoding the gene rf interest. Generally, the nucleic 
acid sequence has been incDrporated into the genome of 
tne viral vector. In vitro, :he viral vector containing 
one nucleic acid sequences encoding the gene can be 
5 contacted with a ceil and infection can occur. The cell 
can then be used experimentally to study, for example, 
the effect of the gene on growth cf artery or vein cells 
on vitro or the cells can be implanted into a pat cent 

for therapeutic use. The cells to be altered by 
10 introduction or substitution of a gene can be present in 
a biological sample obtained from the patient and used 
in tne treatment cf disease, or can be obtained from 
cell culture and used co dissect developmental ratnways 
of arteries and veins in in vivo and in vitrc systems. 

1^ After contact with tne viral vector comprising a 

nucleic acid sequence encoding the gene of interest, the 
created artery or vein cells can be returned or 
readministered to a patient according to methods known 
tt those practiced in the art. Such a treatment 

20 procedure is sometimes referred to- as ex vivo treatment. 

Ex vivo gene therapy has been described, for example, in 

Fiasid, et al . , Proo . Natl. Acad. Sci. USA 87:471 (1990); 

Rosenberg, et al . ; New Engl. J. Med. 325:570 (1990); 

VJilliams, et al . , Nature 510476 {1984}; Dick, et al . , 

25 Cell 42:71 (19B5); Keller, et al . , Nature 515:149 (1985) 

and Andersen, et 30 ., U.S. Patent No. 1,3 99,346 (.1994) . 

Generally, viral vectors which can be used 
therapeutically and experimentally are known in the art. 
Examples include the vectors described by Srivastava, 
30 A., U.S. Patent No. 5,252,479 !1993); Anderson, W . F . , et 

al . , U.S. Fatent No. 5,399,346 ;1994); Ausubel et al . , 

"Current Protocols in Molecular Biology", John Wiley & 
Sons, Inc. (1998). Suitable viral vectors for the 
delivery of nucleic acids to cells include, for example, 
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replicaticr. defective retrovirus , adenovirus , parvcviru 
■.e.g., aaeno - assoc raced viruses;, and ccronavirus. 
Examples cf retroviruses include avian :.euKcs is - sarcoma 
mammalian C-cyce, E-type viruses, lent i viruses 'Coffin, 
5 J . M . , "Retrovir idae : The Viruses and Their Repi icat icn" , 
In: Fundamental Virology, Third Edition, E.N. Fields, e 

al . , eds . , lipp moot t -Raven Publishers, Philadelphia, 
PA, vl996) • . The mechanism cf infeotivity depends upon 
the viral vecrcr and target cell. For example, 

10 adenoviral infect ivity of Hela cells occurs by binding 
to a viral surface receptor, followed by receptor- 
mediated endocytos is and extracoroxasomaj replication 
■Horwitz, X.S., "Adenoviruses" In: Fundamental Virolog\' f 
Third Edition, B.N. Fields, et ai . , eds., Lippmcott 

15 Raven Publishers, Philadelphia, ?A, ;19?6; ; . 

The present invention is illustrated ry the 
following examples, which are not intended to be 
limiting in any way. 
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EXAMPLES 

Experimental Procedures 

The following experimental procedures were used in 
t he e xamp 1 e s wh i c h f o 1 1 ow . 
5 Targeted disruption of the EphrinB2 gene. A 2C0 

rase parr probe starting from the ATG of the mouse 
EphrinBP. gene (Bennett, E . D . , et al . , Proc . Natl . Acad. 

Sol. USA 92 : 1 866 - 18 7 0 ■' 1 9 9 5 ) : was used to screen a 
2 2 9SVJ genomic library < Strat agene < . Analysis of 
1 0 several over Japping :: lones revealed that the first exon , 
including the signal sequence, ends at 111 base pairs 
after the ATG. Further phage analysis and library 
screens revealed that the rest of the EphrinE2 gene was 
located at least 7 ko downstream from the first; exon. 
15 To construct a targeting vector ;Fig . IB), a loo Xbai - 
Ncol fragment whose 1 ' end terminated at the ATG was 
used as the 5' arm. A 1.3 kb Tau-lacZ coding sequence 

Mombaerts, F . , et ah, Cell 37;f575 -S86 1996 was 
fused m frame after tne ATG. The FGKneo gene (Ma, ; . , 
20 et sc., Neuron 2 0:469-48" 11998) was used to replace a 
2.3 kb moronic sequence 3' to the first exon. Finally, 
a 3.2 kb downstream EcoRI-EcoRI fragment was used as the 
3' arm. Normal < 6kb ;■ and targeted 9kb loci are 
distinguished by Hindi 1 1 digestion when probed with a 
25 Ikb Hindi: I -Xbai genomic fragment. Electr cporat ion, 

selection and blastocyst - inj ect ion of AF - 1 ES cells were 
performed essentially as described Ma, Q . , et ai. 
(Neuron 20 : 469 -482 (1998) ; , with the exception that 
FIAU- select ion was omitted . ES cell targeting 
30 efficiency via G418 selection was 1 out of 18 clones . 
lermlme transmission of the targeted EphrinB2 locus 
(Fig. 1C) in heterzygous males was confirmed by Souther; 
blotting of tail DNA of adult mice, using a Ikb Hindlll- 
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Xbal probe. Subsequent genotypinc was dene by aencoi:: 
F :R . Primers for Nee are 

I:,' -AAGATGGATTGGACGCAGGTTPTG- 3 : SEQ ID NO . : 1 and 
5 ' - CGTGAT 3CTCTTCGTCCAGATCAT - 3 1 ( SEQ IE 1;. Primers 

5 fcr the replaced irnrcnic fragment are 

5' - A 3GAGG PAGGAGGT TGGGAGTAAG - 3 ' SEG - I 1 N~ ■ : 3; and 
- AGGAGCA ^TTGGGACGGGAAGGGA - 3 ' SE1 ID III . : 4 ^ . 

Pact;, PECAM-1, and histological staining. Embryos 
and voir: sacs were removed between E7 . 5 and E1C.0, fixed 
K) in aid a 4% paraf errr.aldehyde / PBS for 10 nfnutes , rinsed 
twioe with PES, and stained for 1 hour tt overnight at 
37 G in X-gal buffer 1 . . m.g/ml pctassiui:, f e rrccyanide , 
1 nig /ml potassium f err i cyanide , 0.2% Or i.t:.cn XGOG 0 m.M 
MgCI , and 0 mg/ni IP-gal ~ 5 dromo-4 - chiorc - P - maoiyi - :■• -D - 
15 galactopyranoside] m PBS , pH ^.2). P.ar:Z stained 

embryos were post -fixed and photographed, or sectioned 
on a cryostat after embedding m 15% sucrose and 7.5% 
gelatin m PBS. Procedures for whole mount or section 
seaming with ant i - PBGAI4 - I antibody ( clone KEC 13.3, 
20 Pharmirgen; were d:ne essentially as described Ka e t al . 
(Neurcr. P 0 ; 4 6 9 - 4 8 2 PI 9 9 8 i : ; Fong ot al . , Nature 3 7n:P;~7 0 
(1995; ;■■ Horseradish percxi dase -conjugated secondary 
antibodies were usee for all ?EGAP'-1 st airings. bacP- 
stained yolk sacs were sectioned in gelatin and then 
25 subjected to hematoxylin counter-staining by standard 
pre ce aures . 

In situ hybridization. In situ hybridization on 
frozen sections was performed as previously described 
PBirren er: al . Development 1 1 9 : 5 9 - 6 1 0 -;i993)). Whole- 

30 mount in situ hybridization followed a t rote col by 

Wilkmson, P.G., (Whole-mount in situ hybridization of 
vertebrate embryos, pp. 75-3- In: In Situ Hybridization: 
A Practical Approach led. P.G. Wilkinson: IRL Press, 
Oxford .-75- 33 l 9 9 1 . . Blues or lot vectors [Straragene 

35 containing cDNAs on EphBl.uJuk and EphB4/PP/k-l were 
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generated as described Wang, H.U. and Andersen, D.t. 

(Neuron 13:383- 3? 6 (1997) ) . 



Example 1 : Targeted mutagenesis of EiohrmBC In mice . 
Targeted disruption of the EpnrinB2 gene was 
^ achieved by homologous recombination in embryonic stem 
cells. The targeting strategy involved deleting the 
signal sequence and fusing a zau-iacZ indicator gene in 
frame with the initiation codon . The expression pattern 
ot .^-galactosidase in heterozygous ( EuhnrmBJ ■ ■ ' ') 
10 embryos was indistinguishable from that ureviouslv 

reported for tne endogenous gene. (Bennett, B.D. or ai . 
Proa. Natl. Acad. Sci . USA 92: 186b-1870 (1995}; 
Bergemann, A.D. ei: al . A^ei . Coll. Bio. 2 9.95:4921-4 929 
( 1 9 9 5 ) ; Wang , H . 'J . and Anderson , D.J. Neuron 1 3:33 3 - 3 9 6 

1> (1997)). While prominent expression was detected m the 
hindbrain and somites, lower levels were observed in the 
aorta and heart as early as E0.25. Expression in the 
yolk sac was first detected at SS . 5 . Heterozygous 
anrmals appeared phenotypical ly normal. In homozygous 

20 embryos, growth retardation was evident at E10 and 

lethality occurred with 100% penetrance around 211. No 
expression of endogenous EphrmB2 mRNA was detected by 
in situ hybridization, indicating that the mutation is a 
null. Somite polarity, hindbrain segmentation, and the 

25 netameri: patterning of neural crest migration (in which 
EphrinB2 and related ligands have previously been 
implicated Xu, W. et al. Development 121 : 40 05 -4 01c 
(1995); Wang, H.T. ana Anderson, D.J. Neuron 18:383-396 
(1997); Kruli, C.E. et al . Curr . Biol. 7:571-580- (1997); 

30 Smith, A. et al . Curr. Biol. ":561-570 (1997; ) appeared 
grossly normal in homozygous mutant embryos. 
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Example 2: Reciprocal expressicr. pattern of Epr.rinBl 
and EpnB 4 in arteries and veins. 

T h e e n 1 a r g e d heart ccse rv e d 1 ii d y i n g mu t a n t e m b r y c 
prompted examination of tne expression of EphrinE2 - i 

5 r he vas c u ^ a r s y s t e m in detail. Exr ress;: wa s 

c c- n s i s t e n t 1 y ob s e rve d in arteries rut no t veins. I r: t h 
ycli sac, for example, the posterior vessels connected 
tc the vitelline artery, but not the vitelline vein, 
expressed the gene, as detected by iacZ staining. in 

If) the trunk, labeling was detected in the dorsal aorta, 
vitelline artery, umbilical artery and its allantoic 
vascular plexus, but not the umbilical, anterior and 
common cardinal veins -.tne umbilical vein is late led 
with anti-?ECAM-l antibody': 1 . In the head, labeling was 

15 seen m branches of the internal carotid artery, but no 
ir. those of tne anterior cardinal vein. In situ 
hybridization witn EphrinB2 oDNA probes confirmed that 

the selective expression of tau-IacZ in arteries 

c c rreitl v reflected the pattern c f e xo r e s s i o n e f the 
20 endogenous gene. Examination of the expression cf the 
four EphS family genes, as well as Epn A4/Sekl, which 
are receptors for Ephrin32 Gale, N.W. e" al . , Neuron 
1 ~ : 9 - 1 9 .19 91 revealed c omp I erne n t a r y express! on o L 

EohB4 in veins but net arteries, including the vitell.fr 
25 vein and its tranches in anterior portion of the yolk 
sac . 

Example 3: Vasculogenesis occurs normally in EphrmBl 
mutant embryos . 

The formation of the manor vessels in t h- trunk wt 
30 unaffected by the lack cf EphnnBl, as examined by lac 
and FECAX-1 double staining of 9 somite embryos. 
Expression of EphrmBl - IacZ was seen in the dorsal aor 
and vitelline artery, but not the umbilical and 
posterior cardinal veins. The dorsal aorta, vitelline 
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artery, posterior cardinal, and umbilical veins, for 
example, formed, although some dilation and wrinkling o: 
the vessel wall was observed. Similarly ohe 
inter somic i c vessels eriginatir.g from the dorsal r tcrta 
5 formed at this stage . Between SB . 5 and E9 . C , the 

primitive endocardium appeared only mildly perturbed in 
mutants, while a pronounced disorganization was apparent 
at E1C . Red blood tells developed ana circulated 
normally up to 1 1 . ~ in both the mutant yolk sat: and 
10 e r x rye proper. 

Example 4: Extensive inter sal at ion of yolk sac arterie. 
ana veins revealed oy EpnimEl expression. 

In the yolk sao, the vitelline artery and its 
capillary network occupy the posterior region, anoi the 
15 vitelline vein and its capillaries the anterior reaicn . 
At E8.5, a stage at which the primary capillary plexus 
has former! but remodeling has not yen occurred, 
asymmetric expression of EphrinB2-za.ula.cZ in 

heterozygous embryos was evident at the interface 
10 between tne anterior and posterior regions. Apparently 
homo t yp l c remodeling of o -gaiactosidase a r t e r i a _ 
capillaries into larger, brancned trunks clearly 
so are -orated from venous vessels was evident between E9 . C 
and E9.5. At this stage, expression of the receptor 
25 EphB4 was clearly visible on the vitelline veins but no 
arteries. Thus arterial and venous endothelial 
capillaries are already moiecuiarly distinct following 
vascuiogenesis and prior to angiogenesis . 

While textbook diagrams (Carlson, E.M Patten's 

30 Foundazions of Embryology (19 3 1- * of the yolk sac 

capillary plexus depict a ncn- overlapping boundary 
between the arterial and venous capillary beds, 
expression of EphrinB2 - taulacZ allowed detection of a 

previous ly - unrecogni zed extensive intercalation between 
35 arteries and veins across the entire anterior -oos tenor 
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ex:er.: of the yolk sao; this was observed in the 
he terozygece , bun not in the hcmozygote . Double- 
labeling for PEC AM and o -caiactosidase revealed tna: the 
interface between toe arteries and veins occurs between 
5 m.icrovessel extensions that bridge larger vessels 
mterdigi t at ing en passant. 



-xample c : Disrupted angiogenesis on the yelk sac of 
EchrinEE ' : Eohi" i nB2 : err.brvos 

Defects in yolk sac angiogenesis was were apparent 

10 r-y E9 . j and obvious at E? . 5 . There was an apparent 

block to- remodeling at the capillary plexiis stage, for 
both arterial vessels as revealed by .■■ - gal acocsiaase 
st aim nor and venous vessels in the anterior region of 
the sac as revealed by PECAM staining. Tims, disruption 

15 of the EphrznBE ligand gene caused both a non - autonomous 
defect in EphB4 reeept or - expressing venous cells, and an 
autonomous defect in the arteries themselves . 

This defect was accompanied by a failure of 
intercalating bi - direct ional growth of arteries ana 

20 veins across the ant er o - post e rio r extent of the voir: 
sac, sc that an interface between EprhinB' -expressing 
a n d n o r - e xo r e s s i :o g zones at t h e rn i dp- o l n t : f t he s a o wa s 
apparent. (However, small patches of la.cE expression 
were occasionally visible within the anterior venous 

25 plexus, suggesting that seme arterial endothelial, ceils 
may have become incorporated into, venous capillaries.' 
These observations imply a close relationship between 
the remodeling of the capillary plexus into larger 
vessels and the intercalating growth of tnese vessels. 

30 The large p-gala:tcsidase* vitelline arteries as well as 
vitelline veins present at the point cf entry to the 
yolk sac of the embryo - derived vasculature appeared 
unperturbed in the mutant, however. This is consistent 
with the observation that the mutation does not affect 
35 formation of tne primary trunk vasculature. It also 
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argues that the yolk sac phenotype 3 due to a 
disruption of intrinsic angicgenesxs and is not 
secondary to a failure of ingrowth of embryo - de rived 
vessels . 

5 Histological staining (hematoxylin) of sectioned 

volk sacs revealed an accumulation of elongated support 
celis (mesenchymal ceils or pericytes) in close 
association with the endothelial vessels at E10 and 



n 



mutant yolk sacs, these support cells 



10 appeared more rounded, suggesting a defect m their 

differentiation. Moreover, in contrast to neterczygous 
volk sacs, where vessels of different diameters began tc 
appear at E9 . 5 an i vessel diameter increased through 
Ei:).5, capillary diameter appeared relatively uniform 

15 and did not increase with age in the mutants. At E10.5 
arteries appear dilated, as if fusion of vessels 
occurred without encapsulation by support ceils. The 



moat ant capillaries a 
basal endodermai layer. 

20 Example €: Absence of internal carotid arterial 
branches and defective angicger.es i s or vencus 
cat diaries in the head of m.utant embryos. 

Similar to the yolk sac phenotype, t no capillary 
bed of the head appeared dilated in the mutant, and 
25 apparently arrested at the primary plexus stage. 

Staining for 0 - galactos idase revealed that the anterior - 
most branches of the internal carotid artery failed to 
develop in the. mutant. Unlike the case in the yolk sac, 
therefore, the malformed capillary beds must be entirely 
30 of venous origin. However the anterior branches o± the 
anterior cardinal vein formed although the;/ were 
slightly dilated. Taken together, these data indicate 
that in the head, venous angiogenesis is blocked if the 
normal interaction with arterial capillaries is 
35 prevented. The angiogenic defects :bserved in the head 
and yolk sac are unlikely tc be secondary consequences 



lIso failed to delaminate from the 
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:f hear: defects (see below..- , since they are observer 
rtarting a: E9 . 2 and the embryonic blood circulation 
rpears no rma I unoil E 9 . 5 . 



Example 7: EphrinB2 -dependent signaling between 
5 endocardial cells is required for myocardial trabeculae 
f c rmao ion . 

Examination of ligand and receptor expression in 
wild -type hearts revealed expression in toe atrium of 
both EphrmBl (as detected by iaci staining' and EphB4 

10 [as detected by m situ hybridization; . Expression of 
both ligand ana receptor was also detected in the 
ventricle in toe endocardial cells lining the trabecular 
extensions of the myocardium. Douole- labeling 
experiments suggested tnat the ligand and receptor are 

15 expressed by distinct but partially overlapping cell 

populations, although the resolution of the method does 
not permit us to distinguish whether this -overlap 
reflects co-expression by the same cells, cor a close 
association of different cells. In any case, expression 

20 of EpnrinBl and Eph34 does not define complementary 

arterial (ventricular) and venous (atrial) compartments 
:>f the heart, unlike the extra-cardiac vasculature. 

Heart defects c cmmenced at E9 . 5 and were apparent 
in mutant embryos at E1C both morphologically and by 

25 whclemount PECAM-1 staining. Sections revealed an 

absence of myocardial trabecular extensions, although 
strands of EphrinB2 -expressing endocardial ceils were 
still visible. Thus, mutation of the ligand-encoiing 
gene caused a non- autonomous defect in myocardial ceils, 

30 similar to the effect of a mutation in the neuregulln-1 

gene. (Meyer, D. and Birchmeier, C, Nature 375:386-390 

(1995) : Paradoxically, however, in this case the EphB4 
receptor is expressed not on myocardial ceils, as is the 
case f or the neureguiin-1 receptors erbB2 and erb34 ; Lee 
35 et al . , Nature 375:394-396 (1995) ; Gas smarm , e v. al . , 
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Nature 27S:390-391 [1995] , bu: rather or. endocardia] 

cells. Expression of any cf the other receptors for 
Ephrin B family ligands ( Eph El, E2 , E3 ana A4 ■ was 
detected in this tissue. This suggests that in the 
5 heart, ligand- receptor interactions among endothelial 

ceils may on turn affect interactions with smooth muscle 
cells . 

Example 5: Ephrin 31 is required for vascularization of 
the neural tube . 
10 In Ephri:iB2' / Ep'nr inP 2' '■■ embryos capillary 

ingrowth into the neural tube failed to occur. Instead, 
Ei. r r i r B 2 - e xp r e s s i ng e ndc c he 1 1 a 1 cells r e ma l n e a 
associated with the extorter surface of the developing 
spinal cord. Comparison of >- - galac: tos idase tc pan- 

15 endothelial PEoAM-1 aid EphE-4 expression provided no 
evidence of a separate, venous capillary network 
expressing EphB4 in the CNS at this early stage (E9- 
E10; . Rather, expression of a different EphrinBl 
receptor, Eph E2 , was seen in the neural tare as 

20 previously reported Henkemeyer, et ai . , Oncogene 9:1001- 

1014 :'1994- , wnere no gross morphological or: patterning 
defects were detectable. In this case, therefore, tne 
mu t a 1 1 o n does net appear t o cause a no n - a u t o n omo u s 
phenotype in receptor - expressing cells, rather only an 
25 autonomous effect on ligand-expressmg cells. 

Example 9: EphrinE2 is artery- spec i f re in adult tissues 

Tc determine whether ephrin-Bl is expressed in 
adui t tissues m an arler y -specif i c manner, we performed 
h i s t o c h e m i c a 1 staining for -oala^^ c s i d a s e or 
3 () -^td n r i ii - S 2 ' ' ~ " +• h e t e r o z vcf cu 5 mice . A n too o d v s t a i n i n a 

for PECA:a-l, a pa r: - e nao t hO' 1 1 a I marker, was performed or. 
t h e same z r o- n adjacent sections to reveal no n - arterial 
vessel : i . e . , veins;. E p h r i n - E 2 is expressed t h r o u a n o a * 
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i r. c ^ u ci i p .g _ui:q: arrerie c , arrer - a n a c n o 
a r e r 1 1 1 n :: r v e p. P' up i a e p. t 1 t y . Thes- result:- s p. ;sv: r p a 
10 S e c t 2 o us r p. r o u a p 0 o p L n r t e r 1 e p w - r - p o u b I .; ; •. . - • : 

next: t: ppe P - 1 cone, but par . n femora; veir, ana pp 
•p; r ' :ra : y ^p: : :ar Jial ; r • ~r y , put not : : . - . r oa r y vein. 

Gup fup was stained for lacZ ( - ga lactos idase and 
labeled with ? E CAM - 1 to reveal venous vessels as well a.- 
25 arterial vessels . EphrmBl is expressed by arterioles 
and arterial capillaries and in arteriole but not in 
PECAM-1 positive venule. A further section snowed that 
EphrinB2 is expressed by arterial capillaries surrcunae: 
bv PECAM-1 positive non-arterial capillaries. 

30 Exaicle 1C: Ephrin-B2 is expressed during tumor 
angicgenes i s 

It had beer, assumed that tumor vessels sprout trot 
the post-capillary venules. Co address the question of 
whe t ne r Ephr i n3 2 is exc re s s e d dur i ng t umio r ang 1 cge ne sis 
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Lewis Lung Carcinomas were implanted subcutaneous ly in 
tne dorsal region or ephrin -B2 : ■ ■ /- heterozygous 

f emales . After one week , the tumors were removed and 
processed for a -galactosidase histochemistry in whoie 
5 mounts . The results indicate c i early that epnrm-B2 is 
in fart expressed by tumor vessels. This was confirmed 
by double - staining of sections cut through such- tumors, 
for t -galactosidase and PECAN- 1 . 

.1 p h r m B 1 expression by tumor capillaries. 1, e w i s 

10 1: Oarcmoma .'LLC' ~ \ a weie implanted 5ubo;:ane.i..isiv 

i the dorsd] rear c n • e B c h r i n B 2 ~ t a a 1 a a 11 h e t e r a v n o u a 
females. After one week, tumors were removed for 
staining. Bprir mBl pe a :_ t i ve arterial capillaries were 
conserved _n peripheral tumor tissue. Double labelrna 

15 with 1 E CAa: - 1 c o 1 a a a 1 a a e a; t h e Br are til . 1 a c 1 ; s t a i n i n a 

blue; and P ECAB - 1 , a t .a i . ninq b r c wn ; signals in arterial 
capillaries, ana reveals n o n - a r t e r i a _ capillaries 
labeled ry PEC AM- 1 onay. 

Example 11: Screen far clcnes containing artery- 
20 spec i f i c genes 

A summary of the screening procedures usee is 
provides in Appendix 1. Briefly, endothelial cells were 
r solace a from a. i s s c a l a t e d e mb r y o n l a yoil sac, v 1 1 e _ 1 i n e 
arteries or vitelline v e i n s using positive s e 1 e a t a a n 

25 with antibody to PECAB-i (magnetic read or FAC B ':■ . cBBIA 
was synthesizea from iysates of either single ceils or 
small numbers ( ca . 200) of ce^ls, and amplified oy FCR. 
"To confirm thai, tne cBNAs were from arterial or venous 
enaiotneliai cells, the sDNA synthesized from each cell 

30 orep was Southern blotted and hybridized in 

quadruplicate watn a series o: probes, including tubulin 
(ubiquitously expressed) the pan-endot hei ia 1 prooes Blkl 
an si Bltl, and the arterial-specific probe ephrm-B2. 
sDNAs that contained Blkl, Bltl and ephrin-B2 sequences 
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uch as tnose described herein can els- identify 



q e n e s 



vea m 



diseases , sucn as arterial n voe r :.ens i on , 
atherosclerosis , deer vencus tnrciroosis, arc certain 
^ types ef venous na 1 forma 1 1 ens . They can also provide 
canaiaate genes for human genetic disorders of -he 
srrculatory system. The aene products or such genes ■ 
then serve as novel drua taraets. 



Appendix I: Single dell PGR , 3 1 c DMA Library 
10 Construction And Dr. f f o r eno a 1 Screening Procedure r, 
- :d Si late u o v e ... arterial— or V e n c u s — S p e c i f i c G e n ^ s 

in Soscn on or vitelline arteries arc vitelline 
veir;S rrom SUM : El 4.5 vole sacs, based on 



icrpnoiog i in 



i i. a . 



o. ssccia tiori of yolk sacs in coilaaenase solution 
: rr.a/nl ■ at 3^'vG for 45'. 

scare single or small groups of endothelial ceil: 
•" " : . by one or one i 'olowincf methods. 



A a o n e 1 1 c o e a ci — o a s e ci s e 



20 



a s p r r ma r y a n t i b o d v . 

■ -at ion using PECAM-l-FITC orn 



- -W J_ -L V 



30 



arc icody . 

- iluorescence from cief-GFF transgenic 

mouse for endothelial ceil identification, 
tol rowed by mi o r ocapi 1 1 a r y mou t h -p i pe t i n g . 

byse the single cells m PGR tubes a: 65 G for 1'. 

Keep 1-2' at room temperature to allow the olioo-T 

to anneal to RNA. 

Reverse transcription using AMV and MMLV enzyme 
mixture, at 37°C for 15'. 

Focy-A taion: with terminal transferase and dATP, 

at 37 'C for 11 f . 

PGR reaction set uo : 
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k s : a- t: n. a properties, we expressed tne 

extra c e L 1 n I ar doma: r. et e p h r i u -22 as a 

a 1 v c e r: h ^spha:. i a y i: n o s i t c 1 1 G F I ■ - 1 a ra k e d f o r m e :a G h i r: e s e 
Hamster Ovary ;CKO: cells. Hamsters were imur.i :ea vei 
these ceils, hvnriatomas prepared icy fusion with mouse 
myeloma cells, and supernatant s screened on COS cell: 
expressing eph r i n-B2 - G? 1 . 

Supe rnatara from clone f nEj bound we^ 
on Iiv^ COS cells. T 
a p o o 1. e a o o p u 1 a t: a o n f G a 

wath the ; same ant: boa am 



ephriuB, 
1 1 n e s 3 2 



epnr anB2 . Gent re 1 



Example 13: Some an t L -ephr r :a- El antibodies Imoco the 

15 EclaBG -eon r inBl binding interact ion 

In cases where the antibodies also block function 
(i.e., inhibit binding of ephrin-B2 to its receptors:, 
they can be used as potential ant i -angiogenic agents. 
To demonstrate an assay to identify such 

20 timet ion - inhibit ing antibodies, we screened 12 hamster 
anti-EphrinB2 hybridoma supernatant s for their ability 
to reduce the binding of G?I - ephr m-B2 (expressed on COS 
cells) to a soluble EphB2-Fc fusion protein. 3inding 
was detected by ^1- labeled goat ant i- human Fe antibody. 

25 ?re-a ncnbation of aeiia wath various supernatants 

revealed that the majority of the antibodies nave no 
blocking effects on subsequent receptor-i igand binding 
(control as 1 0 0 b) , even though these supernatants ail 
contained antibodies that bouac; to ephr m-B2 -GP1 . One 

30 cf the antibodies produced a 40% reduction in EphB2-Fc 
binding to the ephrin-32 -GPI COS cells (Figure 2). 
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EQUI VALENTS 

While :nis ir.venticr. has been particularly shewn 
and described with references to preferred embodiments 
thereof, it will be understood by those SKilIed on the 
5 art that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention as defined by the appended claims. These 
skilled in the art will recognize or be able to 
ascertain using no more than routine experimentation, 
10 many equivalents to the specific embodiments of the 
invention described specifically herein. Such 
equivalents are intended to be encompassed in the scope 
of the claims. 
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:laims 



What is c lai tned is 



1. A method for altering angiogenesis in a mammal, 
comprising administering to the mammal, in a 

5 therapeut i rally effective quantity; a drug which 

alters binding or interaction of an artery- spec i f ic 
cell surface molecule with a vein-specific cell 
surface mole cure . 

2. The method of Claim 1 wherein the artery- spe ci f ic 
10 cell surface molecule is an artery -specific ligand 

or receptor an i the vein - specific cell surface 
molecule is a vein-specific receptor or ligand. 

3. The me the i of 3iaim 1 wherein the artery-specific 
cell surface molecule is an Ephrin family ligand 

15 and the vein-specific cell surface molecule is an 

Eph family receptor. 

4. The method cf claim. 3 wherein angiogenesis is 
inhibited and the drug interferes with binding or 
interaction of the artery- specif ic Ephrin family 

20 ligand with the vein-specific Eph family receptor. 

5. The method cf Claim 3 wherein angiogenesis is 
enhanced and the drug enhances binding or 
interaction of the artery- specif i c Ephrin family 
ligand with its vein- specif ic Eph family receptor. 

25 6. The method cf Claim 3 wherein the drug is an 

antagonist cf the art ery- spec i f ic Ephrin family 
ligand or an antagonist of the vein-specific Eph 
f amilv receptor . 



BN8DOCID: <WO 996254 1 A2J_> 



WO 99/52541 



PCT/US99/08098 



10 



The ne:hc 



.laiT. - wnero; 



artery-spe:;:ic 



Ephrin family iiaan 



s Er hr i nE 2 and t he v 



spec:::c Ep:: tarr.i iy receptor is -pn3^ . 

A method for selectively delivering a drug to 
arteries Ln a mammal, comprising administering 
roe mammal a complex comprising: 
a one crag and 

[£:■ a component which binds an artery - spec i f :c 

cell surface molecule, 
u n de r con d : t ions apo r oo r : a t e f c r the c cnp o n e n t 



rrv - soe 



ce 



surface 



molecule, whereby the drug is delivered to 
a r t e r 1 e s 



15 



'he method of Claim 8, wherein the artery- specif : 
:ell surface molecule is a licrand or recector . 



The me the:: of claim 5, wherein the artery- sr ec i f : 
cell surface molecule is an Ephrin family ligand 

The methed of Claim 1C wherein the drug is an ant 



mgicgeni ■:: ar~ 



5 " a t- h ► 



:omponer 



an 



antibody specific for the artery-specific Ephrin 
family ligand, or a receptor of the artery - spec i f : 
Ephrin family ligand. 

The method of Claim 1C wherein the art ery- spec i f i : 
Ephrin family licrand is EohrinBl . 



The method 



.iaim w 



herein t h e drug is a n a :: t 



anaioqeni c drug . 



die method of Claim 
mefioqeriic iruq . 



w herein t n e drug : s a n 
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Id. The method cf Claim 12 wherein the drug inhibits 
formation of atherosclerotic plaques. 

16. A me t ho 1 for select! ve 1 y de iiveri ng a drug t o ve ins 
in a mammal , comprising administering to the mammal 
5 a complex comprising: 

(a! the drug, and 

(b; a component which binds a vein - specific ceil 

surf ace molecule , 
under c credit ions appropriate for the component of 
10 ( b > to b i n d the ve i n - sp e c i f i c c e 1 1 s u rf ace 

molecule, whereby the drug is delivered tc veins. 

1 7 . The me t ho d c f 1 1 a i m It" whe r e i n t he vein-specif ic 
cell surface- molecule is a receptor or ligand. 

18. The method ~ f Olaim lb, wherein the vein - spec i f i c 

15 cell surface molecule is a ve in - spec i f ic Eph family 

receptor . 

19. The method of "laim IS wherein the drug is an anti- 
angiogencc drug and the component of (b; is an 
antibody specific for the vein- specif ic Eph family 

20 reoeptor, cr a ligand of the vein- specif ic Eph 

family receptor . 

20. The method cf Claim IS wherein the vein- specif ic 
Epn family receptor is EphB4 . 

21. The method of 21aim 20 wherein the drug is an anti- 
25 angiogenic drug . 

22. The method of llaim 20 wherein the drug is an 
angiogenic drug . 
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A transgenic ncuse hav::; 
is deiectably expressed 
not cells of veins. 



ar. :naica:or gene wmcn 
i cells ef arteries cur 



One mouse 
inserted 
gene . 



cf Claim 23 wherein the indicator gene i= 
_n an artery- specific Ephrin faxiiy i iganc 



A transgenic 



mouse 



;f aenotvoe EjDhnnB2' 
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j-yina vein ce.is in s, mouse 



h a v 1 n o ; : 



15 



• arcane- r qene 1 n 3 e r t e a 1. n c n e o r mo r e 
alleles cf rsv;rw, comprising staining a ses::ion or 
t n e :r. 00 s •; wozn a 3 a b s Z a n c e a p p r o p r i a t e f c r 
detection si expression of one indicator gene. 

A method ror testing an effect of a drug on growth 
or arteries, comprising administering the drua so a 
mo u s e h a v r n g a n indicator g e n e inserted r n a g e n e 
specs ticalry expressed in arteries, observing she 
c i 1 e c t c r t n e d r u 0 , a n si c omp arm'; the effect t o 
t n a r pre si uvea 1 n s suitable control mo use. 

A metnod for tessrna an effect of a drug on arnvch 
of verns, comprising admin .1 5 1 er i no the drug to a 
mouse naving an indicator qene inserted in a gene 
specifically expressed rn veins, observing the 
erreet or trie a rug, and comparing the effect to 
that or evinced in a su it able control mouse. 

A method for 1 d e n t .1 f y 1 n a an arterial sell 1 n a 
tissue sample z rem a mammal, comprising contacting 
the tissue s a mp 1 e w i t h a molecule which binds to 
EpnrinB.:, wherein said molecule is linked to a 
^abei, a no detecting the label, wherein rf label is 
de teste a on a cell, the cell is an arterial cell. 

The method of dam 36, wherein said molecule is an 
aiviood y . 

A method for identifying venous endothelial ceils 
in a tissue sample, comprising contacting the 
tissue sample with a molecule which binds to EpnB4 , 
wherein said molecule is linked to a label, ana 
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, an ; a r - o o" : : 



A ^ e 1 1 line aeriveci from venous endoth^ 



e t ^ e f at: . •,• : reduce d 



1 1 r. 



r.s , 



:rdotnei:a_ ■-? 



} i ^ 



.tea urter 



15 



A c ri\ A library crodu:e:i from isolate d u, 
endothelial cells. 



20 



concorea oo arte: 



:■ r. in venous e n d o o h e 1 i a _ 
?nac the loal cells, ocrcris 



producing a t r a n s g e n i c mo use h a v i n q an .: n ci i c a t •: 
insertion gene i. n a gene to be tested for 
differencial expression , and observing express 
of t n e indocaooo insert i e u gene, w h e r e i u a 
difference in expression of the indicator mse. 
gene m venous enaothei.ia^ cells ancd arteri al 
enact a ena 

differential exnressicn 
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•. r r :a . . : 

: arte r a a a a a gene 
:raotriri ral re 1 .1 
.r.t : :.. a a oat mm a i . 



:.i :r*:rc:iuc::-q :he 3 1. to red 



menace :cr noairvin:: 



. r. 3 mamma ^, 



a e n e a a a a 2_ 1 v a 2 a a r i n a i s c- lat ^ ri v a i i 

.1 cells and introaucma the altera. 

: r. t ■ the m a ram a . 



amp ::s: 

H _ _ u ^ - 



T.airaa ^ , a amp r a a a a : 

t a e r a p e a t i c a i 1 y 
altars rat art; or 
cell surface m.aier 
surface rr o .1 e c a 1. e . 



t a a ar.gicaenesis r r. a t ana r : : 

aartin: s te rano ta a a • • mamma 1. , 
orrectine quantity, a a r a q w ra 
:a:.r ra a. en at an a r t e r v - see a : 



15 



. n a me t a a a a t 

molecule with 
it. c 1 e c a r e 



^ a i m 



: r a a i. : 



waerern aaqaogeaesrs as 
■ r r e r a s w r t h c r n a r r a 



t a a v a a a ~~ 5 c a c a t a a a a a i s a r t a a e 



The method : 
a ell surfaer 
and tae verr 



t a a r rr. 
: : mo ieca 1 1 
: - spec: f i ; 
reeeoter . 



wnararn toe a r t e r y- scec t r ■ 
.a an Ephrin family 1 i q a n d 
:ell surface molecule it ar 



ne meraoa at 
. r aana r s Ltrt 



familv recant at r. 
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raet noo : r i r. n ;l:it i n q ang: s ir. .h mamma-. , 

:::xr;s::v:: acixi:: : 3 tering to. z h o mamma .1 a n a cent 
^nar r a n a 5 c a Eoh : 1 n B 2 . 



10 



15 



A me the a ; :r icon t i f yi r.;i « :1 clone ccmpr i s i n a:> 

artery-specili o ger.e, coipnsinci: 

a : : 5 c 1' a :: i r; a arterial endot hei 1a 1 :ell?; 

in pr^auorng cDKA free, ^re isolated cells; 
a 1 yrrcicc-riaa i cANA library a r oar to- olNA; 

" 2' 'A labaary probes produced rrcm a o ^ ;0-c 

e ■ 1 a c n 0 1 f a' a. o a; toe r Ao o a o nao o i s a o 0 a o a r r e r y - 
see oof io gene ray ; is differential 

r y rr:a:;a:Aior: to or c. has 0 r c da :eo :r aao 1 s c late ri 
a r ~ e r i a 1 enactaaAo I re As . 



bonds as th- ex trace! laT. or do- ma 1 n 



20 "/' r- . An aiataoooor tha r cards a a th-- 
o f Brah B 4 . 
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